The number of motor neurons ultimately present in the anterior horn of the spinal cord of chick embryos is regulated by the volume of the tissue innervated. That this relationship between the number of motor neurons and the peripheral field is a causal one has been repeatedly demonstrated.""' A reduction of the volume of periphery (i.e. by removal of wing or leg buds) results in a proportionally smaller number of motor neurons in the associated segments of the spinal cord. Furthermore, that intracentral factors (ascending and descending fibers) do not affect the number of motor neurons developed has been demonstrated by Danchaikoff and Agassiz' who transplanted segments of the medullary tube and adjacent tissue to the allantoic membrane and observed relatively normal spinal cord development. Employing a variety of techniques, Hoadley, 8 Bueker,' Levi-Montalcini,9 and Hamburger7 have confirmed this observation.
To define more precisely the nature of the relationship of the volume of the peripheral field to the development of motor neurons, Barron studied the histogenesis of the spinal cord of the sheep' and chick"8 under normal and experimental conditions. Neuroblasts in the motor area were observed to become bipolar at the time that their axons reached the un-innervated periphery, and at the time that these neuroblasts became bipolar, those indifferent cells in close association with the dendrites of the bipolar cells began to develop axons (became unipolar). This led Barron to the following hypothesis: "That the peripheral field-the somatopleur-regulates the number of unipolar neuroblasts which continue their differentiation through the bipolar stage and the development of dendrites; that the dendrites in turn exercise an inductive influence on the associated indifferent cells which determines their course of differentiation into motor neuroblasts" (pages 93, 94).
More recently, additional evidence in support of this hypothesis was presented by Mottet,'0 who considered various mechanisms by which the periphery might regulate the ultimate number of motor neurons (i, the rate or duration of the production of the anlage-indifferent cells; ii, the differentiation of these cells; iii, the maintenance of neurons after differ-entiation Twenty chick embryos from which the alar plate and spinal ganglia were removed from the right lumbosacral region of the spinal cord were prepared. Operations were performed after the embryos were incubated 60-70 hours. For a complete description of the operative technique the reader is referred to a previous report.10 The alar plate and spinal ganglia were removed by making an incision in the midline through the dorsal commissure. The tension within the tissues is such that the dorsal portion of the cord then falls laterally, thus producing an experimental rachischisis. (If no further modification of the area ensues, the rachischisis will remain through the embryonic development and will appear in the adult.) The right alar plate and spinal ganglia of the lumbosacral region were then excised using a fine glass needle. It was necessary to avoid dissection lateral to the spinal cord because hemorrhage from the closely associated intersegmental arteries was almost invariably fatal. If, following the operation, a Speemann pipette is used to apply suction, the incision can be closed and will heal (Fig. 2) . However, some additional injury to the tissue is thereby incurred, so in most of the embryos the incision was left open (Fig. 1) .
Embryos were killed at daily intervals from eight through thirteen days' incubation and fixed in Bouin's fluid. Serial sections were cut at 10 ,u, stained with hematoxylinerythrosin, and studied with the aid of a camera lucida. Motor neuron counts were made by drawing the nuclei, then totaling them after the drawings for an embryo were complete. Counts were made on every fifteenth section in six embryos and the results were in complete agreement. Because the operation did not affect the development of the contralateral side of the spinal cord, it (the left side) served as controls.
Observations Specimen D 19 is a ten-day embryo from which seven consecutive right spinal ganglia were removed from the lumbosacral region along with the associated alar plate. The observations made on this embryo are representative of the entire series, therefore will be described in detail.
An alar plate, basal plate, and spinal ganglia were present on the control (left) side in the region of the operation, but only a basal plate was present on the affected side. Because of the operation the dorsal portion of the cord lay almost lateral to the ventral horn (Fig. 1) . The epidermis was continuous with the surface of the spinal cord and, more medially, continuous with the ependyma. Some small round cells had accumulated near the exposed surface of the cord. The cartilage of the vertebra extend laterally, ending below the epithelium with a layer of mesenchyme interposed. Also there was an increased amount of mesenchyme separating the spinal cord from the vertebral cartilages.
On the control side a dense collection of neurons-the posterior sensory horn-occurred near the entrance of the sensory root fibers into the cord. The cells were sufficiently numerous to form a protuberance on the surface. The spinal ganglia had also developed normally. On the affected side the alar plate and spinal ganglia were absent, thus no sensory neurons were visible. Internuncial fibers extending toward the commissure, interspersed with neuroblasts, were present on the control side, whereas on the right side few neuroblasts and no internuncial fibers were seen.
In gross outline the motor horns appeared equal in size and shape bilaterally, as were the motor roots. When traced peripheralward the motor fibers, taking comparable courses bilaterally, were seen to extend into the muscles. Also the grey and white rami communicantes extended to and from the para-vertebral ganglia in a normal manner.
Motor neurons were counted in every fifteenth section by means of a camera lucida. A total of 397 motor cells was present on the affected side, whereas 407 were counted on the control side (a difference of 227%o).
In addition to the 20 embryos listed above, a seven-day embryo, 43 D, had the right half of the lumbosacral spinal cord removed and the incision closed. The ventral portion of the ependymal layer was apparently injured during the operation, thus the layer was discontinuous near the ventral commissure. In this region a few nerve fibers were observed to extend from the left anterior horn to innervate the right peripheral field (Fig. 2) . These fibers were present only in the area where the ependyma does not form a continuous layer. Furthermore, the existence of a space between the mesenchyme on the right and the ependyma on the left suggested the possibility that some spinal fluid was present. Discussion The observations presented above, that removal of the sensory areasthe spinal ganglia and sensory horn-does not affect the motor neuron count, demonstrate that the inductive influence of the periphery on the differentiation of motor neurons is not mediated via the sensory areas. The number, size, and spatial relationships of the motor neurons are independent of the presence of the sensory areas.
This interpretation is warranted unless it be assumed that the presence of either intracentral or sensory fibers in addition to the periphery is necessary for the induction of indifferent cells to differentiate into motor neurons. Experimental removal of both intracentral and sensory areas in the same embryo has not been performed. To assume that either one is a necessary factor for the induction would be to state that the sum effect of both is equal to the effect of either factor. There is no evidence in support of this view. The oft-repeated experiments testing the intracentral factors and the volume of periphery on the number of motor neurons ultimately present in the spinal cord have been discussed in detail in a previous report,'0 and further description here is not necessary.
Summary and conclusions
The alar plate and spinal ganglia of the right lumbosacral region of 20 three-day chick embryos were removed. At daily intervals from eight through thirteen days' incubation, embryos were killed and fixed in Bouin's fluid. Serial sections were cut at 1Ou and stained with hematoxylinerythrosin. Removal of the sensory areas had no effect on the number of motor neurons in the anterior horn and there was no visible modification of their size, form, or spatial position. Also, the autonomic ganglia and fiber tracts developed normally. From this it was concluded that the induction by the peripheral field of indifferent cells to differentiate into motor neurons is not mediated via the sensory areas.
